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© Water-dleperslble grsnulas and process for the preparation thereof. 



@ The Invention Is directed to a pesticide composition 
comprising free flowing, essentially spherical, water-dlsperslble 
granules wherein said water-dbperslbte granules are from 
about 150 to about 650 microns in diameter; wherein said 
granules contain up to about 8.04fa by weight moisture; wherein 
each Individual water-dispersibte granule Is an aggregation of 
individual spherical microcapsules which contain at least one 
water-insoluble pesticide within a polymeric shell wall: and 
wherein aakJ water-dlsporetote granule disintegrated upon 
contact with water to release said individual microcapsules. 

The invention also relates to dry fiowabie pestjddal formula- 
tions of the above water-dlsperslble granules, together with 
formulation adjuvants. 

The invention to further directed to a process for preparing a 
water-diapers Ibla granule comprising: 

(a) forming an aqueous suspension comprising discrete 
microcapsules containing at least one water-insoluble 
pesticide within a polymeric shell wall suspended in an 
aqueous liquid; and 

(b) forming droplets of said aqueous suspension end 
spray drying said droplets to form essentially spherical 
water-dispersfeie granules which are from about 150 to 
about 650 microns in diameter and which contain up to 
about 8.0Q/b moisture, wherein each water-dlsperslble 



granule is an aggregation of said microcapsules. 
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Description 

WATER-OISPERSIBLE GRANULES AND PROCESS FOR THE PREPARATION THEREOF 



BACKGROUND OF THE INVENTION 

This invention relates to a process of preparing water-dispersible granules and to water-dispersible 
granules produced by said process. The water-dispersible granules of the Invention are formed by aggregating 
small microcapsules, which contain one or more water-insoluble pesticides within a polymeric shell wail, into 
larger spherical granules. 

For some low melting solids/liquids, microencapsulation offers the only means of maintaining stable 
sprayabie suspensions of that chemical In water. Having accomplished a stable suspension, microencapsul- 
ated pesticide formulations which are aqueous suspensions of microcapsules offer many desirable features 
In some cases, reduced toxicity and extended activity of the encapsulated pesticide has been noted. Many 
pesticides decompose or volatilize qufcWy, thus reducing the effectiveness of the material; microencapsula- 
tion of such materials can postpone the decomposition of the pesticide. Microencapsulation of pestfcldal 
materials can also enhance the safety of the pesticide for the applicator. Since the pesticide is enclosed in a 
polymeric shell wall the applicator is not directly exposed to the chemical. Another advantage of encapsulation 
of an active pesticioal agent Bes in the possibility of a combination of substances that cannot be blended or are 
incompatible with one another, e.g., water-Insoluble pesticides with water-soluble pesticides or water soluble 
fertilizers. 

For liquid products, microencapsulation can eliminate the cost, availability, flamabllity, toxicology 
disadvantages of solvents by permitting water to be used as the suspending medium. For solid formulations 
derived from solutions or suspensions, those advantages generally pertain to the process as wen as to the end 
use of the product 

Various methods are known in the art for microencapsulation of water-Insoluble pesticides via interfacial 
polymerization reaction. U.S. Patents 4,360,376. 3.429,627, 3.577,515 and 4.280.833 provide a good summary 
of the methods which are available. U.S. Patent 4.280,833 describes the microencapsulation of concentrated 
TJ^w ^ er ^*P es 5 W9 matGriaJ * on the order of 480-700 grams per liter, this previously 
unattainable high concentration offers a distinct energy saving advantage when water driveoff is required to 
convert the Pquid to a solid. 

While it can be advantageous to encapsulate pesticide! materials, it is also advantageous to have the 
pestlcidal material in dry form. Dry pesticide formulations can be stored for long periods of time over wide 
extremes of temperature, without destroying the stability of the formulation, it is easier and less expensive to 
dispose of containers in which dry pestlcidal materials are stored since these are most often made of paper, 
which can be safely burned tf the solid empties completely from the bag leaving no residue. Still more 
preferable is the use of water-soluble plastic bags in which to store, ship and add to water the 
water-dispersible granules or other dry-form pesticides. Shipping costs can be reduced since the solvent or 
water carrier of emulsfflable concentrate and water-based nowable pesticide formulations is eliminated. The 
Z 0 *^!™?? types of dry pesticide formulations are wettable powder and granule formulations. The 
preparation of each type of formulation is known. 

Various methods are described In the technical and patent literature for producing various forms of 
encapsulated products for pestlcidal materials. Typically, the encapsulated product may be In the form of 
microcapsules of encapsulated material suspended in a carrier (continuous) medium or In the form of dried 
microcapsules, powders, grannulates, microgrannulates or water-dispersible granules. Examples of the 
JSSt? P ^ Ct f 5L f0Und ln Bfftteh Patent No « 2.042,892 and in the following U.S. patents: 3.429,827. 
4244,836,4^,213.3.737^7.4.157.983.4^.872.^3,577^15. 

Other forms of water-dispersfole. non-encapsulated products are described in U.S. Patent Nos. 3 657 446 
n™^ 954 ' 439 ' Z- 870 ' 059 - 3.920,442. 4,511,395, 4.134.725, 4.183.740 and 3.854.981. in German Patent No! 
DT-1 ,642.122 and So. African Application No. 692053. The products produced in the above exemplified patents 
may be dried typically in an air flow, by evaporation, by spray drying, etc. 

Yet another common form of pesticide! product mentioned above is the wettable powder, as exemplified in 
British Patent No. 2,037.585 and U.S. Patent Nos. 3.791,811 and 3,731.551. 

The most common wettable powder pesticide formulation is one In which fine particles of a high melting 
solid, crystaline pesticide are combined with a finely-divided solid carrier, e.g.. silicates or alumlno silicates 
comprising single lattice or double lattice clays. The surface active agents allow the concentrate to be diluted 
in water to field strength to form stable, sprayabie suspensions. Most high melting solid pesticides can be 
processed as e wettable powder in the 60-90% concentration range; the main requirement being that they 
exhibit appropriate chemical compatibility with the finely divided, solid carrier. In order for low melting actives 
to be formulated as wettable powders they must first be absorbed into highly porous media such as 
diatomaeous earth, peariite or manufactured sflicas to a degree that the mixture exhibits the properties of a 
solid This dilution essentially reduces wettable powder concentrations of liquids to less than 60<tt>, with 
40-50% a more common range. Further, low melting actives which undergo a phase change at ambient 
storage temperatures (e.g., -10° to + 50° C) usually present such a caking problem from crystal formation and 
growth that the use of an absorbing agent Is futile and cake-free solid formulations having concentrations of 
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>2Mfo are impossible to attain. Alachlor and trillate are excellent examples of such chemicals. 

The pnmary disadvantage of wettable powder pesticide formulations Is that they tend to be dusty, posing 
health problems to the applicator if the pesticide materia] is irritating or toxic and handling problems during the 
preparation of the material. Further, wettable powders tend to have low bulk density and. thus, do not wet up 
rapidly when added to water. Inability to wet up can result in excessive mixing times and/or the formation of 5 
•lumps" of wettable powder in the water. These lumps are difficult to disperse in the water making It difficult to 
get even distribution of the pesticide throughout the water and, thus, even application of the pesticide when 
applied. In extreme cases, lumping can result in clogging of sprayer nozzles. 

A granular pesticide formulation Is one which usually invoh/es impregnation of molten pestlddal agent into 
the pores of a preformed granule, but may involve agglomeration of high melting solids with powdered Inerts 10 
such as day. For impregnation, the active ingredient must be a liquid at a temperature below about 120° C or 
be compatible with a liquid carrier which can take soiubilized or suspended active ingredients into the pores of 
the granule during a liquid-solid blending operation. Common granule carriers are clays, attapulgite. bentonlte 
sepioUte and the Gke. . • 

Granular pesticides comprising high-melting solids may also be formed by extrusion, agglomeration or core is 
coating. 

A disadvantage of some conventional granule pesticide formulations is that the total amount of active 
pesticide carried on the granule is limited by carrier, equipment metering and efficacy considerations to 5-25% 
loadings. These low loadings contribute to the expense of the granules. This, and the added expense of 
separate granular application equipment, are economic limitations on granule use. Caking can be a problem If 20 
the active pestlddal agent readily migrates to the surface of the granule making It 'sticky'. Finally, since many 
granules are Irregularly shaped, some dusting occurs as the granules wear against each other in the package 
during storage and handling. 

Although, as Indicated above, water-dlsperslble granules are generally known and have been commercially 
available for sometime now. the present invention affords an economical means of making water-dispersible 25 
granules from chemicals and combinations thereof having a wide range of melting points, including low 
melters. The process according to this Invention permits the formation of granules having a particularly 
advantageous structure and physical properties and formulation compatible with that process. 

As will be described In more detail herein, an Important portion of the waterKllsperslble granule of the 
Invention Is an aggregate of many small polymeric microcapsules containing a water-Insoluble pestidde. The SO 
geometry and composition of the water-dispersible granules of the invention permit them to be free flowing 
and relatively dust-free. Since the active pesticidal agent Is encapsulated, the water-dispersible granules of the 
invention pose very little hazard to the user when handled. Another advantage of microencapsulated 
water-dispersible granules is the ability to produce a product package containing a plurality of pesticides 
wherein antagonistic action between the pesticides Is reduced or eliminated by means of the dapsule shell. 35 

The water-dispersible granules of the invention have bulk densities sufficiently high to readily "wet-up when 
added to the water In a farmer's spray tank thus eliminating the wetting or lumping problem of wettable 
powders. 

The water-dispersible granules of the invention Immediately reconstitute when added to water; by that it is 
meant that the large aggregates dissociate or break apart into the tiny. Individual microcapsules which 40 
disperse to their original pre-aggiomerated form throughout the water. Since the pestidde Is encapsulated, 
one can get a high degree of loading of the active, on the order of 65-90% active pesticidal agent for 
water-dispersiWe granule as contrasted to the maximum 50<Vb loading attainable with commercially available 
granules. Further, one Is able to add the encapsulated pesticide to aqueous solutions, e.g.. liquid fertilizer 
solutions which might ordinarily be antagonistic to the u noncapsulated pesticide. 45 

SUMMARY OF THE INVENTION 

In one embodiment the present Invention relates to a pesticidal composition comprising water-dispersible 
granules and formulations thereof. The granules of the Invention are essentially spherical, aggregates of 
discrete microcapsules containing water-Insoluble pestiddes. As a collective mass. The granules are SO 
free-flowing, relatively dust free, non-caking and disperse immediately in aqueous media. 

The water-dispersible granules of the invention comprise an aggregation of a plurality of individual 
essentially spherical microcapsules of one or more water-Insoluble pesticides encapsulated within a polymeric 
shell wall, formulation adjuvants and no more than about 8<Vb by weight water. Upon contact with en aqueous 
medium, the granules disintegrate to release the individual microcapsules which disperse uniformly 55 
throughout said aqueous medium. 

The optimum particle size distribution of the water-dispersible granules should be such that from about 
90-95<Vb of the granules have diameters within the range of about 180-420 microns, although larger 
particle-size granules, up to about 850 microns will function satisfactorily; however, these larger partides 
reconstitute more slowly. Aggregates less than about 150 microns will tend to result in wtnd drift, dry 60 
flowability and wetting problems. Typical particle size distribution for the granules herein Is as follows: 

70-760/d will pass through 40 mesh and be retained on 60 mesh screen (US.Standard Sieve Series), i.e., 

40/60 sieve screens; 420-250 microns; 

20-1 5<Vb on 60/80 sieves; 250-180 microns; 

8- 9<Vb on 80/100 sieves; 180-150 microns; 65 
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2- 1Qto less than 160 microns. 
no^o 8 ^L StUrB COnt ! n ^to" «-*PW«e granules herein should be within the range of about 0.1-8 
^ * n ° ^ 4% m ° lStUre ^ ^ more preferab,y ' ^ of 1 * 

5 J^^^ S ^«kL! ^«°^|i inv ention should have asuitable bulk der^ity within tr^ rar^e of abc>ut 
Afu^ ^ ^ ^ k 9 /m3 b6in S optimum bulk density, 

wjll^ embodiment of the invention relates to formulations of the above-described aggregates of 

SEESST!^ 9 . h 8 ^ 91 " ^ nCCeSSary adjuvants, including emulsifler, binders. 

w m^^L^T^^^ ?t ***** Create a "Panning and bridging connection be^een the 

iweT^L ^ l l^ d I™** 5 M between eggregated granules themselves to aid In preventing 
S? 1 **! a ? tl 2 ntherebetWeen 3,1(1 ^"9 of drv a 9S^te mass during storage. Of the va^ous 

formulation adjuvants rt is most Important that an inorganic salt, e.g., a chloride, nitrate or sul^e of 

ammonium or of an alkali metal or alkaline earth metal, such as sodium, potassium or calcium, zinc, copper 
75 mUed^fh water 9n8 Um * ** * blnder/dtepersant to M ln reconstitution of the aggregates when 

m^L r !K! ° f * Wter ^./P^^ng process minimizes component migration and, therefore, 
maintains the homogeneous distribution of separating aids between the microparticles 

in«MiH^ U, !!!? nS ° f i!!! 8 ^ Comprise one or more Pesticides. e.g. t herbicides, fungicides, 
insecticides, etc encapsulated within the microcapsules forming the water-dispersible granules The 

bTC^ 1^, P m1m 8 Sh °H ,d *? at ,8aSt SUffiCfent to be effectived range upw^dr^o 

abour 904b by weight of said granules. A suitable concentration range Is 0.1 - 90%. and, typically, from about 
f* 80 ^ b * 2** Additional embodiments Include the encapsulation of safeners or antidotes or n^iddes 
together with the herbicides within the same shell wall. 3 
A further embodiment of the Invention relates to a process for preparing the above-described 
25 water-dispersible granule which comprises: euove-aescriDeo 

uJuJ?™^ a ^ u ? 1 0us M suspenslon comprising at least one water-insoluble pesticide encapsulated 
within a polymeric shell waB suspended in an aqueous liquid; and ****«uimeu 

(b) forming droplets of said aqueous suspension and spray drying said droplets to form a 
water-dlspersiblegranuiesofstm^ P 10 ™ 8 

DETAILED DESCRIPTION OF THE INVENTION 
deJcribeT^w^ 01, ^ lnV8nti0n te directed t0 a Pesticidal composition of water-dispersible granules as 

,5 gr£u^ 

com^Sn^ 0 " 13 ,Urther direCtBd t0 a process for P^P^ng water-dispersible granules and formulations 

aq " B l ous l *wP e nslon comprising microcapsules containing at least one water-insoluble 
pesticide within a shell wall of polymeric material suspended in an aqueous liquid ; and 
AO (b) forming droplets of said aqueous suspension and spray drying 'said droplets to form 

water-dispersible granules having the structure and composition described above 
The term 'aggjregate" as used herein refers to the collection or aggregation of individual, small spherical 
™^^ eS la, 2! r ' 9 eneraUv spherical particle which is referred to herein as a water-dispersible 
!? fr88 * flowing water-dispersible granules (aggregates) of the Invention are added to 

S8SS ? ate ba f t0 epherlcal microcapsules containing the water-soluble 

pesticide. These microcapsules disperse throughout the water forming an aqueous suspension; I.e., solids 
dispersed throughout an aqueous liquid. 

Jt^T^ ^? " dry ." ? Wflowable- refers water-dispersible granules having a moisture content 
of no greater than 8<M> by weight 

50 JSL 2f t?^ 9 , te *!? the «?«*P«*I» granules are essentially free of caking or fusing of the 

granules and are freely pourable. as from one container to another. 
The dry, free-flowing water-dispersible granules of the Invention are prepared by spray drying an aqueous 

^ comprising microcapsules containing one or more water-Insoluble pesticides within a polymeric 

sheB wall. Droplets of said aqueous suspension, each containing many microcapsules are spray dried. As the 
55 water is removed from each droplet, an essentially spherical 'aggregate-, referred to herein as a 

water-dispersfole granule. Is formed. 
As used herein, the term 'aqueous suspension' refers to a two-phase system In which solid particles. I.e.. 

smau, sphencal microcapsules containing a water-Insoluble pesticlde(s), are suspended in an aqueous 

(continuous)! phase liquid. The aqueous suspension may contain, m addition to the microcapsules and the 
60 emuisifier which was used In the process of microencapsulation, small amounts of other water-soluble 

materials, e.g., salts, emulsrfiers, dispersants, lower alkyfene glycol, etc. and finely divided solids, e.g., clays 

and silicas. Such materials are described In greater detail hereinafter. 
The small, individual microcapsules remain discrete, individual, spherical particles which are separated from 

and bndged to each other by a thin layer of salts and emuisifier which is left behind when water is rapidly 
65 removed from the aqueous suspension. 
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It Is. thus an advantage of the spray drying process used to make the aggregates herein that the separation 

w? e rTh^nn cX?™ 85 NaCI ' KCK ^ (NH < >* S0 * «d a minimum amount of 

nmlr ? T me ^ B lndude surtactants . water-soluble polymers, higher alcohols and 

other water-soluble or dispersed components. Still other means to maintain good separation include 5 
maintenance of spray-drying temperatures, below the fusion temperature of the granule shell. This may be 
done by a combination of the temperature and product moisture content at the spray tower exit and product 
feed mode. For example, using the counter-current feed mode, at a moisture content of 1-3 weight <Vb the exit 
temperature should be within the range of about 122°-U9°C. or at 8-10% moisture, the temperature can be 
within the range of about 93°-121°C. 

^,3^t^^? ral techn ^ ues ^ow? ft* microencapsulating pesticide materials; see for example 
MICROENCAPSULATION PROCESSES AND APPUCATIONS edited by Jan E. Vandegaer, 1974 ?S 
Press, New York and London. Such processes include coacervatlon encapsulation, Interfacial condensation 
polymerization, and fluid bed coating. The preferred method for use herein Is Interfacial polycondensation 
m,CT 5f / n f a P 3 V ,at,on especially the process described by U.S. Patent No. 4,280,833 as well as Serial is 

52 , fi 8d JUne 12, 1984, Seriaj No ' 655327 0ctober 1 • 1984 ' and Serial No. 566,108 filed December 
27. 1983. all of which describe encapsulation of concentrated amounts of water-Insoluble pesticides (e 
greater than 480 grams of water-Insoluble material per liter of total composition. High concentration 
microencapsulation is achieved by use of specific emulsrfiers and these higher starting concentrations are of 
both energy and process benefit In accomplishing a dry product 20 

Briefly, microencapsulation via Interfacial condensation polymerization reaction involves encapsulating a 
water-immiscible material within a shell wall of polycondensate, e.g., polyurea, por/amlde, polysulfonamlde, 
polyester polycarbonate, or polyurethane by (1) providing an aqueous solution containing- an emulslfler 
capable of forming a stable oiWn-water emulsion when concentrated amounts of discontinuous phase liquid 
are present vis-a-vis the continuous or aqueous phase liquid; (2) forming an organic or discontinuous phase 25 
liquid which consists essentially of the water-insoluble pesticide (the material to be encapsulated) with a first 
shell wall monomer dissolved therein; (3) addition of the discontinuous liquid to the aqueous phase with 
agitation, to form a dispersion of small droplets discontinuous phase liquid throughout the aqueous phase I e 
an olHn-water emulsion Is formed) ; (4) addition of a second water-mlsclble shell wall monomer, with continued 
agitation, to the oiWn-water emulsion; and (5) reaction of the second shell wan monomer with the first shell wall 30 
monomer to form a polymeric shell wall about the water-Insoluble pesticide. 

At the completion of the encapsulation reaction there is an aqueous suspension which Is a two-phase 
system wherein solid particles (microcapsules) are suspended In an aqueous (continuous), phase liquid In 
addition to the solid particles, the aqueous liquid contains the emulslfier which was used In the encapsulation 
process. Addttionally, various other materials may be added to the aqueous suspension which aid In spray 35 
drying or which aid in the disassociation of the water-disperslble granule when it Is added to water or 
taiproves the non-caking, non-dusting, strength or flow characteristics of the granule In Its spray-dried form' 
Such materials are hereinafter referred to as "suspension adjuvants", or when applied to the spray-dried 
granule as •agglomeration adjuvants". 

As used herein the term •suspension adjuvant" refers to any material which is added to the aqueous 40 
suspension and which subsequently facilitates drying of the droplet of aqueous suspension during the spray 
dry process or which facilitates the disassociation of the water-dlspersible granule when It is added to water or 
improves the dry strength and other characteristics of the granule. The suspension and agglomeration 
adjuvants useful herein are water-soluble salts, e.g.,(NH 4 h SO A , NaCI. Cad 2 . water-soluble emulsifiers 
or polymers e.g., polyvinyl pynrolldone (PVP), polyvinyl alcohol (PVA) electrolytes, natural gums, or other 45 
additives, such as water-soluble aikylene glycols, finery divided solid particles, e.g., clays and silicas 

The water-insoluble pesticide (e) which is the active agent of the water-dispersible granule of the Invention 
and which Is encapsulated is suitably any liquid, oil, meltable solid or solvent-soluble pesticide, Into which the 
first shell wail monomer can be dissolved and which is nonreactlve thereto. Such water-Immiscible pesticides 
include as representative herbicides, e.g., ff^loro^,6'^ietriyt-N-methoxymethyl acetanilide (commonly so 
known as alachlor), N-butoxymethyl- a-chloro-^e'-diethylacetanillde (commonly known as butachlor), 
2Mnemyl-6'-etrryl-N-(1-memoxy-prop^ (commonly known as metolachlor); 2-t-ButyK 

2^lcro-N-methoxymethyl-6'-methytacetanlUde, ff^loro-N-{2-methoxy-6-memylphenyl)-N^1-methy1ethox- 
ymethyOacetamide. * ^loro-N-{ethoxyrnetr^)-N^ 

a -cWoro-N-methyf-N-[2-methyl-6-(3-niethylbutoxy) phenyflacetamide, *-Chtor^N-methy^-(2^ethyl- 55 
6-propoxyphenyl)acetamlde. N-(2-butoxy-6-methylphenyl)- -chloro-N-methyi acetamlde, Isobutyi ester of 
(2,4-dlchlorophenoxy)acetic acid, 2-chtoro-N-(emoxymetrryi)-6'^ (commonly known as 

acetochtor), 1-(1-cyctohexen-1-yl)-3-(2- fluorophenyl)-1-methyl urea. S-2,3,34richloroallyl-d8sopropyl thlocar- 
bamate (commonly known as triallate), S-2,3-dichloroailyldilsopropym^locart)arrfflte (commonly known as 
dlallate). a, a, flr-trifluoro-2, 6-dinltro^.N-dipropyl-p-toluidlne (commonly known as trtflurailn). $0 

Certain high-melting herbicides, e.g.. N-(3,4-dichlorophenyl)-N'-methoxy-N'-methyturea (commonly known 
as hnuron) 4-amino^^-butyI-3-(methyrmlo-a^^ name metribuzin). cannot be 

encapsulated directJy. but must first be solublfized by the water-insoluble co-herblcide and the mixture then 
encapsulated. 

Representative safeners (antidotes) for use with herbicides which are specifically contemplated as being 65 
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suitable for use In the water-dispersible granules of this invention Include, e.g., 5-thiazol9carboxync acid. 
2^loro-4-(trtfluoromethyl),(phenylmethyl) ester, (common name "fiurazole'), U-a , a-dlchloroacetyM-oxa- 
4-azasplro [4.5] decane (common name "AD-67"). N-ff,ffKiichloroacetyl-N^I-dialIyl acetamide N-<r tf-di- 
chloroacetyl-2 r 2-dlmethyl-1,3-oxa2oHdine. N-a , ffKlichlor<)acetyl-2^^-trimethyl-1 t 3-oxazolidine' <r-{(cyano- 
methoxyHmino]benzenacetonrtrile. tf-[(1 f 3^loxypyran-2-yl-methoxy)^mino] benzenacetonitrfle and the like. 

The encapsulated herbicide may also include insecticides and/or fungicides as co-pestlcfde. However, the 
latter pesticides can only be those sufficiently low melting to be encapsulate, preferably below about 50°C. 
but operably plus or minus some 10-15°C, l.e^ 40°-65°C, either by themselves or in combination with the 
co-pestidde(s). Representative insecticides include, e.g., malathion, bromophos, methyl- and ethyl parathlon, 
diazinon. etc. Representative low-melting fungicides include, e.g., buperimate. dlnocat. edifenphos, Terrizole. 
Dowside-A and pyrazophos. 

The encapsulated water-Jnsoluble pesticide need not consist of only one type, but may be a combination of 
two or more various types of water-insoluble pesticides: e.g., such acomblnation may be one active herbicide 
with another active herbicide or an active herbicide or any other type of biocide or growth regulator, safener 
and/or an active insecticide. Higher melting solids need be solublized within a second liquid active Ingredient 
In order to be microencapsulated. Microencapsulation of higher melting solids is restricted more by the 
solubility of the solid in the liquid at encapsulation temperatures. 

In the interfacial condensation encapsulation process used herein, the water-insoluble pesticide containing 
the first sheO wall monomer dissolved therein comprises the organic or discontinuous phase liquid. The 
water-immlsclble pesticide acts as the solvent for the first shell wall monomer thus avoiding the use of other 
water-Immiscible organic solvents and allowing for a concentrated amount of water-Insoluble pesticide In the 
final encapsulated product The water-Insoluble pesticide and first shell wall component are pre-mlxed to 
obtain a homogeneous discontinuous phase liquid before addition to. and emulsification in, the aqueous 
phase to form the oIMn-water emulsion. 

The concentration of water-insoluble pesticide initially present In the discontinuous phase liquid should be 
sufficient to provide at least about 300 grams of water-insoluble pesticide per liter of aqueous suspension: 
However, this is by no means limiting and a greater amount can be used. In practical operation, as will be 
recognized by those skilled In the art, the use of extremely high concentrations of water-insoluble pesticide 
will result In very thick suspensions of microcapsules. In general, the concentration of water-insoluble 
pesticide will range from about 400 grams to about 700 grams per Oter of aqueous suspension The preferred 
range Is from about 480 grams to about 600 grams per liter of aqueous suspension. 

The term first shell wall monomer' refers to a material or mixture of materials which is soluble In the material 
to be encapsulated and which Is capable of reacting wfth the second shell wall monomer to form a polymeric 
she! wail about the material to be encapsulated. As previously stated, the material to be encapsulated 
together with the first shell wall monomer constitute the discontinuous or organic phase liquid. 

The term "second shell wall monomer", as used herein, refers to a water soluble material, Le. f a material 
which is soluble In the aqueous phase liquid and which will react with the first shed wall monomer to form a 
polycondensate shell wail about the material to be encapsulated. Table 1 Illustrates various types of 
polycondensate shell walls formed when various first and second shell wail monomers are utilized In the 
process of encapsulation described herein: 
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Table 1 



First Shell 
Wall Component 

Diacid or Poly- 
acid Chlorides 



Second Shell 
Wall Component 

Diamine or 
Polyamine 



Polymeric 
Shell Wall 

Polyamide 



10 



Dichloroformates 
or Polychloro- 
formates 

Diisocyanates or 
Polyisocyanates 

Disulfonyl or 

Polysulfonyl 

Chlorides 



Diamine or 
Polyamine 



Diols or 
Polyols 

Diamine or 
Polyamine 



Polyurethane 



Polyurethane 



Polysulfon- 
amide 



15 



20 



25 



30 



Diisocyanates or 
P oly i s ocy ana t e 



Diamine or 
Polyamine 



Polyurea 



35 



Diacid or Poly- 
acid Chlorides 



Diols or Polyols Polyester 



40 



Dichloroformates or 
Polychloro formates 



Diols or Polyols Polycarbonate 



45 



Examples of suitable (Afunctional, acid-derived shell wall monomers are sebacoyt chloride, ethylene 
bischloroformate, phosgene, terephthaioyl chloride. adpoyl chloride, azelaoyt chloride (azelalc acid chloride) 
dodecanedlolc acid chloride, dimer acid chloride, and 1.3-benzenesuffonyi dlchloride. Polyfunctions] 
compounds of this type are exemplified by trimesoyl chloride. 1 .2,4.5 benzene tetracid chloride. 1 .3.5 benzene 
trisulfonyl chloride, trlmer acid chloride, citric acid chloride, and 1.3.5 benzene trlschloroformate. 
Intermediates similarly useful in the organic or discontinuous phase also Include diisocyanates and 
polyisocyanates. for example, toluene diisocyanate, hexamethytene dSsocyanate, methylene dlphenyOsocya- 
nate and polymethylene polyphenyllsocyanate. Preferred are the last-named polyisocyanates, represented by 
commercially-available polymethylene poiyphenylisocyanates such as PAPI* and PAPI-135® (registered 
trademarks of the Upjohn Company) and Mondur-MR« (registered trademark of Mobay Chemical Company). 

Examples of suitable diols for use as Intermediates In the aqueous phase are bisphenol A [22 
bis-(p.p'-dihydroxy diphenyl)propane]. hydroquinone, resorcinol, catechol and various glycols such as 
ethylene glycol, pentanediol. hexanediol, dodecanediol. 1,4-butanedio! and the like. Poiyfunctlonai alcohols of 
this character, e.g.. triols. are exemplified by pyrogallol (1^,3-benzenetriol), phlorogluclnol dihydrate, 
pentaerythrttol. trimethylolpropane. 1,4.9, 10-tetrahydroxyanthracene, 3,4-dlhydroxyanthranol. dlresordnol 
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and tetrahydroxyquinone. 

Instances of suitable diamines and polyamlnes. usually selected as water soluble per se or In water soluble 
salt form, where such reactant is to be Included in the aqueous phase, are polymethylene diamines, phenylene 
diamine, toluene diamine, diethylene triamlne and piperazine. Amines which are effective as polyfunctional 

5 reactants, are, e.g., 1,3,6-benzene triamlne ^hydrochloride, 2,4,6-trlamino toluene trihydrochloride, 
polyethylene imlne, 1,3,o-triamlnonaphthalene, 3,4,5-trtamlno-1 ,2,4-triazole, melamlne, and 2,4,5,8-tetramlno 
anthraquinone. Amines which have a functionality greater than 2 but less than 3 and which may provide a 
degree of cross-linWng in the shell wall are polyalkylene polyamines, e.g., tetraethylene pentamine, 
pentaethylene hexamine, and the fike. Particularly suitable amines are the polyfunctional amines which are 

10 capable of reacting with polymethytene polyphenyfisocyanate to form a polyurea shen wall. The polyfunctional 
mines should be water soluble salt form. The usable polyfunctional amines can be selected from a wide range 
of such materials. Suitable examples of polyfunctional amines which may be used In this invention include, but 
are by no means limited to the following: ethylenediamine, propylenediamine. isopropylenediamine, 
hexamethylenediamlne, toluenedlamlne, ethenediamine, triethylenetetraamlne, tetraethylenepentamlne, pen- 

15 taethylenehexamine, cfiethylenetilamine, blx-hexamethylenetrlamine and the fike. The amines may be used 
alone or in combination with each other, preferably in combination with 1.6-bexamethylenediamine 
(HMDA). 1.6-hexamethylenediamlne is preferred for use In the process of the present invention. 

The first shell wail monomer and the second shell wall monomer form the shed wall which surrounds or 
encapsulates the water-insoluble pesticide. The shell wall content of the capsules may vary from about 5 
20 percent to about 30 percent, preferably 6 to 20 percent and most preferably 7-10 percent by weight of the 
water-insoluble pesticide. 

The amount of first shell wall monomer and second shell wall monomer to be used In the process Is 
determined by the percent shell wall content produced. Generally, there will be present from about 3.5 percent 
to about 21.0 percent first shell wall monomer, and from about 13 percent to about 9.0 percent second shell 
25 wall monomer, relative to the weight of the water-Insoluble pesticide present In the reaction. 

In order to obtain encapsulation of from 400 to 700 grams per liter of water-immiscible pesticide It is 
necessary to use the specific emulsiflers described below to achieve a stable olMn-water emulsion. The 
emulsifying agents, which are advantageously used In encapsulating concentrated amounts of water-insoluble 
pesticide are: * 

30 1. The water-soluble salts of Hgnin sulfonate, e.g., the sodium, potassium, magnesium, calcium or 

ammonium salts of lignin sulfonate. The sodium salt of llgnln sulfonate Is preferred for use herein. Any 
commercially available lignin sulfonate saft which does not contain added surfactant, may be conveniently 
employed herein. Commercially available lignin sulfonate emulsiflers which may be mentioned are: Treax* 
LTS, LTK and LTM. respectively, the potassium, magnesium and sodium salts of lignosulfonate (50Vo 

35 aqueous solutions), Scott Paper Co., Forest Chemical Products; Marasperse CR® and Marasperse 

CBOS-3* sodium lignosulfonate, and Marasperse C21®, calcium sulfonate, Reed Ugnln Co., Polyfon 0», 
Polyfon T» Reax 88B» Reax 85B« sodium salts of llgnln sulfonate. Westvaco Polychemicals. 
2. Sulfonated naphthalene-formaldehyde condensates having the formula: 



45 



50 




where n is 2 or 3 and M Is an alkali or alkaline earth metal cation. Commercially available examples which 
may be mentioned are Tamol® SN, the sodium salt of condensed naphthalene sulfonic acid manufactured 
SS by Rohm and Haas Company. Philadelphia, PA 19105; 'Daxad" 11G, 16, 17 and 19. the sodium salt of 

polymerized afkyl naphthalene sulfonic acid, manufactured by W. R. Grace and Company, Organic 
Chemicals Division, Lexington, ME 02173;"BtancoT N, the sodium salt of sulfonated naphthalene-formal- 
dehyde condensate manufactured by GAF Corporation, Chemical Products, 140 West 51st Street, New 
York, NY 10020. 

Co 3. Sulfonated polystyrenes with molecular weights above about 1 ,000 and an equivalent weight per acid 

group between about 150 and about 750, as for example, sulfonated polystyrenes of the formula: 
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CH CH 2 - 



S0 3 " M + 



10 



where n is greater than 5 and M is an alkali or alkaline earth metal cation. Commerclafly available examples 
ZSSSVt r V ,f re, ^ 5 ?° Bnd «*. sulfonated polystyrene manufactured by National Starch 
and Chemical Corporation. 10 Flndelne Avenue. Bridgewater. New Jersey 08807 

ter- ; 80,U , b,e ^ te ^ P^ylpyrrolidone (PVP) polymer; e. S .. Ganex* P-904 which has an 
average molecular weight of 16.000 end which Is e 10% weight butyiated-PVP polymer manufactured by 

^SE" < *T*5 i Pr ° dUCt8, 140 W - 51St SU New Yofk ' ^ 1002 °- W W No. 3.417.054 and 
S ^^lt% P £E n T 01 "l* a,kytetetl ^ polymers - Una,k *»t«» PVP Polymers which may 
be mixed with alkylated PVP polymers to produce a water-soluble PVP mixture which win form a stable 
oiHn-water emulsion under the process conditions described herein ere Ganex*. K-15, K-30 end K-90 

ISSle a nXJSS;£ ght8 * 1 ° ,00 °' 40,000 " d 360,00 ° *•» mat0rial3 «* 

t-^liy 1 ^ ° f emulslfier concentration found most acceptable in the system win vary from about 0.5 percent 
wa^Ji J^ 06 " 1 ^, from 2 P ercent to about 6 percent based on the weigh* of the 

watertmmisctole material end most preferably et from about 2.0 to about 4.0 percent and most preferably at a 
concentrate of 2 percent relative to the weight of the wateNmmlsclble pesticide. 

m the practice of the encapsulation process described herein, the temperature should be maintained above 
me melting point of the water-Insoluble pesticide material but below the temperature wherein the 
discontinuous phase monomer will begin to hydrotyze or otherwise break down. For example, where It Is 
i e ¥H?J° enca P su,ato a 80,10 herbicide, It will be necessary to heat the herbicide to its molten state. Alachlor 

Z TJbSy 8t 39 ' 5 ° C 10 41 ' 5 ° C and tern P eratura «>» the process should ecconllngly be 
maintained In the 42-45° C range. 

The agitation employed to establish the dispersion of discontinuous phase droplets In the aqueous phase 
may be supplied by any means capable of providing suitably high shear, that Is, any variable shear mixing 
apparatus e.g., a blender, a Brinkman Polytron homogenizer, Ross Model 100L homogenizer, Tekmar. and the 
like, can be usefully employed to provide the desired agitation. 

J*!! ES^ 8 01 the mtoroca P su les and other pesticide Ingredients will range from about 1 micron up to 
about 100 microns In size. From about 1 to about 10 microns Is an optimum range. From about 5 to about 60 
microns is satisfactory for spray drying. 

The aqueous suspension of microcapsules containing the wateNnsoluble pesticide and suspension and 
agglomeration adjuvants form the feed stock* for subsequent spray drying. Droplets of feed stock are spray 
dried in a spray dry tower to produce the water-diapersible granules of the invention. The droplets are formed 
using conventional spray dry nozzles. The nozzle has two primary functions: 

1 . To atomize or break up the aqueous suspension Into droplets of the desired size, and 

2. To distribute these droplets in a specific pattern In the tower. 

An appropriate nozzle is used to atomize the aqueous suspension in a spray drying tower where drying 
occurs. Generally, single-fluid hollow-cone nozzles of the type previously described are preferred as they 
produce large uniform droplets. As water is removed from each droplet an aggregate is formed consisting 
essentially of many, small microcapsules associated together, with a fine layer of suspension adjuvant 
homogeneously interspersed between each microcapsule. The entire drying process may occur in the spray 
dry tower; however, to avoid the possibility of overheating of the aggregate which will result In the formation of 
a water-dispersible granule which wiD not dissociate when added to water; secondary drying may 
advantageously be used In the final stage. 

Secondary drying is most advantageously accomplished by use of a vibra-fluldized bed for second stage 
drying. The water-dispersible granule product is dried In the spray dry tower, typically, to a moisture level of 
about 6<*b to about 1Q<Vb by weight. It Is sometimes possible to achieve moisture levels of about 2% or less In 
the spray tower itself. The granules are collected from the tower and passed through fluid-bed dryers to bring 
the moisture level of the water-dispersible granules to no more than 8.0Afc by weight and, preferably, about 4<Vb 
and stni more preferably about 1.(Wo to about 2.0% by weight. 

In order to produce a water-dispersible granule having the particle size range described herein. It is 
necessary to produce as large and uniform a droplet as possible from a given nozzle orifice. The nozzle should 
be chosen so as to produce large uniform particles over a narrow distribution range. Larger droplets can be 
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expected as the orifice size Is Increased at a gfven pressure. In general, lower pressure and higher feedstock 
viscosity will Increase particle size. In general, from 1379-2758 x 103 N/m 2 will be required to produce the 
large uniform droplets; from 1379-2069 x 103 N/m 2 may ^ used ^ 13?9 x 1Q3 N/m2 fQund tQ bfi 

optimal for liquids In the 800-1200 x 10 ~ 3 N s/m 2 viscosity range often encountered for feedstocks described 
herein. 

Multiple nozzles can be used to atomize the droplets of aqueous suspension into the spray tower. However, 
as will be recognized by one skilled in the art. the number of nozzles used will be limited by the drying capacity 
attainable in the tower. 

Spray-dry nozzles found to be useful herein are single fluid, hollow-cone nozzles. A single-fluid! solid-cone 
nozzle may also be used herein and this nozzle is similar in design to the swirl-chamber nozzle except that a 
special cone or axial jet fills the center of the conical pattern. The resulting fun-volumetric coverage enhances 
rates of mass and heat transfer between the spray liquid and gas passing through the cone. The included spray 
angle ranges from 30-120". 
The above and other types of atomizatlon devices are known and are commercially available as are fan-spray 
15 nozzles and disk atomizers. However, preferred for use herein are the single fluid, hollow-cone nozzles 
previously described. 

Single-fluid nozzles are preferred over two fluid atomizers which are pneumatically operated to provide 
small atomized particles at low pressure. Single-fluid nozzles are particularly useful for spraying high viscosity 
materials and for the formation of larger droplets which, when dried produce large aggregates. The larger 

20 volume and greater density of droplets formed from single-fluid nozzles results In greater momentum to carry 
them into the dispersing air flow allowing for more efficient drying In the spray tower. The droplets formed are 
homogeneous and produce a narrow aggregate size distribution particularly when hollow-cone nozzles are 
employed to direct the spray from the nozzle at radial velocities. Size uniformity Is important in providing the 
best product performance compromise by avoiding dust from small particles while still providing particles 

25 small enough to rapidly disperse In water. Size uniformity Is also Important In the drying process to provide 
uniform drying of Individual particles to assure their rapid reconstitution In water. 

The best results relative to product rate and quality by use of a mixed-flow fountain spray (wherein product 
feed Into spray tower Is In a direction opposite to the drying air stream) are achieved using a spray nozzle 
which produces a spray angle of from about 46° to 60° at pressure of about 1379-1896 N/m 2 . Such nozzles 

30 produce atomizatlon and projection of the aqueous suspension far enough up Into the spray drying chamber 
to take advantage of available drying capacity. Angles greater than about 60° -fan out" and do not project high 
enough Into the tower to take advantage of the maximum resonance time and drying capacity of the tower 
This usually causes -wetting* or wail buildup In the tower. 
The spray dryer is a large, usually vertical, chamber through which a hot gas Is blown, and Into which the 

35 aqueous suspension is sprayed by a suitable nozzle atomizer to form droplets. All droplets must be dried until 
no longer sticky, before they strike the chamber wall; therefore, the largest drop produced by a given nozzle 
determines the size of the spray chamber, and chamber shape Is fixed by spray pattern. A spray dryer may be 
cocurrent, countercurrent. or mixed flow. Counter-current tends to expose the driest particle to the hottest 
temperature, making it unsuitable for many of the heat sensitive systems described herein. Laminar flow 

40 cocurrent dryers are advantageously used for heat sensitive materials because Wet gas temperatures up to 
305-310°C may be used whereas gas and product leave the chamber at 50-90°C, the material temperature 
never exceeds the exit gas temperature. Spray dryers are often followed by fluid-bed dryers for second-stage 
drying and/or cooling. 

The inlet temperature at the top-of the spray tower should be from about 200° C. to about 275° C. The outlet 
45 temperature coming off the tower should be from about 93° C to about 150°C. Temperatures In excess of 
these may cause fusing of particles in the agglomerate which Is detrimental to spontaneity and recflspersion of 
the water-dispersible granule In water. The temperature of the water-dlspersible granule coming out of the 
tower should be below a temperature at which the sheD wall would fuse, e.g., In the case of alachior about 
55-75° C. 

50 Product coming out of the tower contains 7-9% moisture which requires secondary drying to reduce the 
moisture to from 2-4%. 

In order to obtain an essentially spherical water<llspersfble granule (aggregate which Is from about 180 to 
about 420 microns In diameter, it has been found to be advantageous to use a spray-dry tower having an inside 
diameter and cylindrical drying chambers from about 3B8 to about 12.19 m on with a 60° collection core. 
55 The optimum pressure for operating the spray nozzle is a range of from about 1035-2069 x 10 3 N/m 2 . 
preferably, from about 1379 to about 2069 and. more preferably, from about 1724 to about 1896 x 10 3 N/m 2 . 

The following examples illustrate specific embodiments of the invention. As will be recognized by one skilled 
in the art, these examples are Illustrative and are not meant to be limiting. 

60 Example 1 

This example describes the preparation of an aqueous suspension of the microencapsulated alachior, 
together with formulation adjuvants. 

55-91 Kg of technical alachior maintained at 48° C containing 3.9 Kg of pdymethylene polyphenylisocyanate 
(PAPI) was metered proportiorWery to 36.30 Kg of water maintained at 48° C containing 1.19 Kg of Daxad 
65 (40%) emulsifler. An emulsJorY was formed by passing total mixture through an In-fine mixer followed by a 

C-"* ,0 
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Tekmar Dtepersator at high shear. To this emulsion 3.90 Kg of HMD was metered proportionately 

S* 5 ", *.? ""S??* 5)8356(1 through S800nd Mne mUer t0 a *»* equipped with adequate agitation With 
good agitation add 1.68 Kg propylene glycol. 5.60 Kg NaCI was added, followed with 5.60 Kg CaCU L the 
ii tiAiuic sxirr BO* 

The aqueous suspension prepared as above, designated herein as 'Feedstock No. V was then used as the 
feeds ock fed to a spray dryer for removal of water and preparation of water-dlspersible (dry-flowable) 
granules of microencapsulated alachlor as described In Example 2 

Feedstock No. 1 had the following composition: 



PERCENT (Wt.) KILOGRAMS 



49.00 


55.91 


3.42 


3.90 


3.43 


3.90 


1.04 


1.19 


1.47 


1.68 


4.90 


5.60 


4.90 


5.60 


31.85 * 


36.30 


100.00 


114.08 



INGREDIENT 

Technical Alachlor (94.5%) 
PAPI 

HMD (41%) 

DAXAD (40%) 

Proylene Glycol 

Nacl 

caci 2 

Water 

TOTAL: 



The above feedstock contained 65.6<Vb total solids and had a viscosity of 1300 x 10 " 3 N s/m>. 
Example 2 

The feedstock prepared in Example 1 was spray dried In accordance with the procedure described below 
The spray tower used in this example had a total height of 9.14 m and diameter of the tower was 6.1 m. The 
spray dry mode was mix-flow with one pass of feedstock through the tower. The blower speed on this tower 
was constant, thus, the air flow through the tower was not adjustable. The air inlet temperature was about 
245 C. and the air outlet temperature was about 135° C. A Spray Systems single-fluid, hollow-core nozzle was 
used. The drying volume of the tower was 321.15m 3 . 
The nozzle pressure used was 1896.1 x 103 N/ m 2 

The particte-size distribution of the water-disperslble granules prepared according to Examples 1 and 2 Is 
set forth in Table 3, together with other product characteristics. Approximately 7<M> of total dried product was 
less than 100 mesh. The water-disperslble granules contained about 5% moisture coming from the tower and 
required secondary drying using a fluid bed dryer/cooler. The final moisture content of the water-disperslble 
granules was 4<Vb by weight. The water-disperslble granules had excellent spontaneity and dispersion in 10°C 

Examples 3-6 

Following the same procedure described in Examples 1 and 2, other formulations of microencapsulated 
alachlor herbicide were prepared as water-dlspersible granules. The aqueous suspensions of encapsulated 
alachlor in Examples 3-6 are designated as Feedstock Nos. 2-5, respectively, and differ from each other in the 
particular formulation adjuvants used. 

The composition of the feedstocks prepared In these examples Is set forth in Table 1 and the spray-drying 
conditions set forth In Table 2. The product characteristic of the water-disperslble granules prepared 
according to Examples 3-6 are set forth In Table 3. 
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Example 7 

foSlZS^rSey ^ ° f " 6qUe0US SUSP8nSi0n °' mfcr0a -"P— trial,ate 

as^nlf^l! 8 ^^ ,r !f"! , !^ nta1 " 8 ? f l 48 ° C "^ning 3.74 Kg at PAPI was metered proportionately to 
35 Kg of water maintained at 48°C containing 1.37 Kg of DAXAD (40%) emulsifier. Emulsion was fomied bv 

3.26 Kg of HMO <41<M» was metered proportionately. Encapsulated product was passed through second 
as^eedsS t No. P 6 epared accordance mtx this examp,e had followin 9 composition end is designated 



10 



Ingredient 

Technical Triallate 
PAPI 

HMD (41%) 

DAXAD 16 (40%) 

Propylene Glycol 

Naci 

CaCl 2 

Petro AGS 

DUPONOL C 

HISIL 233 

Bar den Clay 

Water 



(97.3%) 



TOTAL: 



Percent 


Kilograms 


43.23 


53.67 


3.02 


3.74 


2.62 


3.26 


1.04 


1.37 


1.01 


1.26 


1.27 


1.58 


2.54 


3.15 


2.0 


2.50 


2.0 


2.50 


1.0 


1.25 


1.0 


1.25 


39.23 


48.63 


100.00 


• 124.15 



15 



20 



25 



30 



Feedstock No. 6, having a solids content of 58.69 wt. Wo and a viscosity of 1100 x 10 •* N s/m*. was spray 
dried under conditions set forth in Table 2 to produce water-Clsperslble granules of microencapsulated 
triallate with formulation adjuvants having product characteristics shown in Table 3. 

Example 8 

Another triallate-based feedstock (Feedstock No. 7) was prepared, but using different formulation 
adjuvants than those used to prepare Feedstock No. 6. In particular, in the feedstock of this example REAX 
88B (sodium ligno sulfonate) was substituted for DAXAD (sodium salt of polymerized alkyl naphthalene 
ant^n^ l a^eM emUlSmer ^ PVP ~ K " 15 ^°^^^o\\6one) t was substituted for propylene glycol as 

53.91 Kg of technical triallate <97.3<Vb) maintained at 48° C containing 3.74 Kg at PAPI was metered 
proportionately to 38 Kg of water maintained at48°C containing 1.06 Kg of REAX 88B emulsifier. Emulsion was 
formed by passing total mixture through an in-line mixer followed by a Tekmar Dlspersator at high shear. To 
this emulsion 3.26 Kg of HMD (41%) was metered proportionately. Encapsulated product passed through a 
second In-line mixer to a tank equipped with adequate agitation. With good agitation 1.58 Kg NaCI was added 
followed by 3.15 Kg CaCI 2 . 

To this mixture a slurry was added containing 11.35 Kg water, 0.64 Kg PVP K-15, Z60K Petro AGS. 2.60 Kq 
Duponol C. 1.25 Kg HISIL 233. and 1.25 Kg Barden Clay. The mixture was stirred till uniform- 

The formulation of Feedstock No. 7 had the following composition: 
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10 



75 



20 



Ingredient: 

Technical Triallate (97.3%) 
PAP I 

HMD (41%) 
RE AX 88B 
PVP-K-15 
NaCl 
CaCl 2 
Petro AGS 
Duponol C 
HISIL 233 
Barden Clay 
Water 

TOTAL: 



Percent 




43.23 


53.67 


3.02 


3.74 


2.62 




0.84 


1.06 


.0.49 


0.64 


1.27 


1.58 


2.54 


3.15 


2.10 


2.60 


2.10 


2.60 


1.00 


1.25 


1.00 


1.25 


39.79 


49.34 


100.00 


124.15 



25 



30 



35 



Feedstock No. 7 had a total solids content of 58.89<Vb by weight and a viscosity of 1000 x 10 " 3 N s/m 2 . This 
feedstock was then spray dried under conditions set forth In Table 2 to produce water-dispersible granules 
having product characteristics shown in Table 3. 

Example 9 ■ ~f0*& C 

This example describes the preparation of an aqueous suspension of microencapsulated acetochlor as a 
feedstock to be dried to produce jdry-flowable water-dispersible granules. 

55.23 Kg of technical acetochlor (93.3%) containing 3.85 Kg of PAR was metered proportionately to 37.43 
Kg water maintained at 48° C containing 1.09 Kg REAX 88B emulstfier. An emulsion was formed by passing the 
mixture through an in-line mixer followed by a Tekmar Dispersator at high shear. To this emulsion 3.35 Kg HMD 
(41CM>) was metered. Encapsulated product passed through a second In-line mixer to tank equipped with 
adequate agitation. With good agitation 10.38 Kg (NH 4 ) 2 S0 4 was added followed by 4.56 Kg Wltconate 
(90), 2.50 Kg HISIL 23, and 1.30 Kg Barden clay. The mixture was stirred until uniform. 

The above composition, designated as Feedstock No. 8, had the following composition: 



40 



45 



SO 



60 



Ingredient 

Acetochlor (93,3%) 
PAPI 

HMD (41%) 
REAX 88B 
(NH4) 2 S0 4 
Witconate (90) 
HISIL 233 
Barden Clay 
Water 

. TOTAL: 



Percent 

46.13 

3.20 

2.80 

0.87 

8.67 

3.81 

2.10 

1.10 
31.32 . 

100.00 



Kilograms 

55.23 
3.85 
3.34 
1.09 

10.38 
4.56 
2.50 
1.30 

37.44 

119.6 



Feedstock No. 8 had a total solids content of 67J2&to by weight and a viscosity of 500 x 10 -» N s/m 2 . This 
feedstock was spray-dried according to conditions described In Table 2 to produce water-dispersible granules 
having product characteristics shown in Table 3. 

Example 10 

This example describes the preparation of a feedstock (No. 9) containing acetochlor herbicide and a safener 
therefor, e.g., for use In corn; the safener is N-<r . c<flcWorcacetyM-cxa-4-azaspiro [4,51 decane (common 
name 'AD-67'). 

To 5.46 Kg of Ad-67 dissolved In 55.23 Kg acetochlor was added 3.85 Kg of PAPI, while maintaining 
temperature at 48° C. The solution was metered to 1 4.07 Kg water maintained at 48° C containing 1 .09 Kg REAX 
88B emuisifier. An emulsion was formed by passing through an In-line mbcer, followed by a Tekmar Dispersator 
at high shear. To this emulsion was metered 3.34 Kg HMD (41 Vb): The encapsulated acetochlor/AD-67 product 
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M^S^i^T^^ m ^L% m ,! Xln9 ^ k eQUlpped ^ th a 9 |tat ™- ™» good 

agitation 10.32 Kg (NH 4 ) 2 S0 4 was added followed by a slurry containlno 14 07 kn u»t«- aw k« 

Feedstock No. 9 had the following composition. 
Ingredient 



Acetochlor (93.3%) 
AD-67 (94%) 
PAPI 

HMD (41%) 
REAX 88B 
(NH 4 ) 2 S0 4 
Witconate (90) 
HISIL 233 
Barden Clay 
Water 



TOTAL: 



Percent 


Kilograms 


40.00 


55.23 


3.96 


5.46 


2.75 


3.85 


2.41 


3.34 


0.75 


1.09 


7.48 


10.32 


3.28 


4.53 


1.76 


2.42 


0.88 


1.21 


36.73 


50.55 


100.00 


138.00 



10 



15 



20 



Total solids content of the above mixture was 62.11 weight <M>. Viscosity was 550 x 10 -a N a/m* 
« n ^?Z!!i'IT ner . aS 'i? SCf1b l c ! In 1h,s exam P |e - oWer herbldde/safener combinations may be encapsulated 
^h^hn*^ " d,8 ^ r8 ? 8 9 T J ' eS : ? ne P^tenV suitable combination Is a feedstock comprising 
elachlor herb.cide encapsulated together with the safener Aureate, or alternatively. AD-67. within a polymeric 

grSuS p^cT*™ She "" Whe " ^ f9edSt0Ck 13 SPr8y ^ a ** waterXpSSe 

earfe h r e he 5 ^ nerS COmbl " ed Wtth acetocnlor . dachlor and other herbicides as discussed 

Example 11 

The aqueous suspensions of Examples 9 and 10. (Feedstock Nos. 8 and 9. respectively), were then 

an^^te^^^^^ 

As will be noted m Table 3, the moisture content of the water-dlsperslble granules conilna off the tower was 
never more than 5*6 and off the dried fluid bed dryer was no mora than ^oT 3 % by ^ 

^^T 8 ', 9ranU ! eS deriV6d fr0m Feedstocks «• "» size retained on 100 mesSe w£ 

generally ^ microns or less. 

As mentioned above, the rnlcroencapstjlatlon/granulation systems herein provide for the presence of 
formulation additives to aid In these operations to provide the ultimate water-disperslble granule product 
Such additives are discussed in more detail below. 

In general, the emulsffiers found to be useful in the preparation of the formulations of this Invention include 
Hgno sulfonates, alley! naphthalene sodium sulfonates, ag., Petro AGS, manufactured by Petro Chemicals Co 
'^^sitffate. sodium lauryl sulfate, manufactured by E. I. DuPont. a -olefin sulfonates (such as Witconate 
{9O0/0 Witconate AOS (39% solution), manufactured by Wltco Co.. taurates. block copolymers 

of polyethylene/propylene and other surfactants of solid or near-solid consistency 

There are many commercially available salts of Ugnln sulfonate which may be conveniently employed and 
^escribed in McCutcheon's Detergents and Emutalflers. North American Edition, 1978. McCutcheon 
Divteion McCutcheon Publishing Company. Glen Rock, New Jersey. Exemplary of such commercially available 
fignm sulfonates are Treax* LIB. LTK. and LTM; respectively, the potassium, magnesium, and sodium salts of 
lignosulfonate, manufactured by Scott Paper Company, Forest Chemical Products; Marasperse CR« and 
Marasperse* CBOS-3. soolum Dgnosuifonate. American Can Company. Chemical Products Department 
Greenwich, Connecticut 06830; Poryfon* O, H, T, and F and Reax* 85B and 88B, all of which arTsodium' 
lignosulfonates manufactured by Westvaco-Porycherrrfcals. Charleston Heights. South Carolina 29405 

Other anionic surfactants which have been found to be useful herein are certain taurate surfactants like 
socflum N-cyciohexy^N-palmltoyi taurate, sodium N-methyl-N-oleoyl taurate, respectively, sold under the 
tradename. Igepon CN-42, fgepon T-33, T^3, T-51. T-73, T-77. and T-74 by GAF Corporation, Chemical 
Products. New York, New York. 10020. Sodium N-methyl-N-oleoy. taurate Is also available under the 
tradename 'Adinol' from Croda Chemicals, Ltd.. England. Preferred for use herein is sodium N-methyl-N-o- 
leoyl taurate. 

The anionic surfactant present in the aqueous suspension of microcapsules prior to spray drying to obtain 
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the formulation of the present invention Is from about 0.5 percent to about 5.0 percent by weight of the 
composrtion, preferably at from about 1.0 to about 3.5 percent by weight and most preferably at about 2.50 
percent by weight. In the formulations of this invention, the anionic surfactant may be used in combination with 
a nonionic block copolymer. 

The nonionic block copolymer surfactants particularly useful in preparing formulations of the present 
Invention are potyoxypropylene/por/oxyethylene block copolymers which are condensates of ethylene oxide 
with the hydrophobic bases formed by condensing propylene oxide with propylene glycol. Such surfactants 
have the general formula: 



CH 3 
t 

H0(CH 2 CH20) c (CHCH2O) A (CH 2 CH 2 0) B H 



A Is a whole number from about 10 to about 70; B and C are whole numbers, the sum of which win range 
from about 10 to about 350. Exemplary of such surfactants are Pluronlc* P103, P104, P105, and Pluronic F108 
which are manufactured by BASF Wyandotte Corporation, Industrial Chemicals Group, Wyandotte, Michigan! 

The nonionic block copolymer used In the preparation of the formulations of the present Invention at from 
about 0.75 percent to about 5.0 percent by weight of the composition, pref erably at from about 1 25 percent to 
about 4.0 percent and most preferably at about 1.75 percent by weight of the total formulation. 

As used herein, the term 'hydrated amorphous silicon dioxide' refers to a finely-divided silica such as 
naturally occurring Kleselguhr or an artificial silica. Artificial silica is silica which has been produced by a 
chemical reaction as compared with naturally occurring silica such as Kieselguhr. Preferred for use herein are 
artificial silicas as. for example, artificial silicas sold under the tradename, "Hl-Sfl 233" (manufactured by PPG 
Industries, Inc., Pittsburgh. Pennsylvania, 15222) and "Zeofree 80" (manufactured by J. M. Huber Corporation, 
Edison, New Jersey, 08817). There is suitably used at from about 1.0 to about 4.0 percent by weight of the total 
aqueous composition containing said microcapsules of pesticide dispersed therein, , preferably from about 
15 to about 3.0 percent by weight and most preferably about 2.0 percent by weight, of silica In the form of 
water-free or hydrated silica gel or other amorphous silica. 

The term "hydrated aluminum silica* as used herein refers to such materials as harden clay or kaolin, which 
are low surface area materials which have an electrostatic surface charge and thus are able to enhance the 
stability of the dispersion of microcapsules In the liquid phase. These materials are commercially available from 
many sources as will be readily recognized by those skilled in the art The "hydrated aluminum silica' 
component of the formulation described herein is present at from about 0.25 to about 3.0 percent by weight 
preferably from about 0.25 to about 1 .5 percent by weight and most preferably at 0.5 percent by weight of the 
total composition. 

As used herein, the term "floccuient" refers to a suitable salt which contains a polyvalent cation and which is 
soluble in the amount of water present in the encapsulation composition, which acts to cause the solids in the 
composition to form small, loosely aggregated bits or particles suspended In the Iquld In the composition. 
Upon spray drying of the liquid composition, these floccuient materials serve to function as Wnders/separ- 
atora/anti-caWng/ detackffymg, etc. agents in the water-disperslble granules formulation of the Invention. 
Suitable salts which may be mentioned are CaCI 2 , Mgd 2 . CaBr 2 , Mg (C z H 3 O z U . MgBr 2 , 
naphthalene salts, Wltconate 90, Al 2 (S0 4 ) s .18H 2 O. (NH 4 ) 2 S0 4 . NaN0 3 , and the like, preferred for 
use herein is CaCI 2 . WKconate 90 and (NH) 4 SO 4 or combination of the latter two, preferably In ratios above 
1 :1, especially 1 -2S <Witconate:(NH 4 ) 2 S0 4 ). The floccuient Is present In the composition at from aboutO.5 
percent to about 5.0 percent by weight preferably at from about 0.5 to about 2.5 percent by weight and most 
preferably at 1 .00 percent by weight of total composition. As would be recognized by one skilled In the art, the 
salt win also act to depress the freezing point of the aqueous liquid and thus will act as an antifreeze agent 
should one wish to store the liquid suspension of microcapsules prior to spray drying. 

Lower alkyl glycols, e.g., ethylene or proplyene glycol, are examples of suitable anO-caWng agents useful In 
the suspension of microcapsules described herein. Amounts of these components ranging from about 2.0 
percent to about 10.0 percent by weight of the total composition will adequately provide the composition with 
the desired antl-caWng protection. Suitably, from about 2.0 to about 5.0 percent by weight of the glycol will be 
present.in the formulation, preferably, about 25 percent by weight of the anti-caWng agent is used In the 
formulation of the present Invention. 

Minor quantities, Le.. from 0 to about 5.0 percent by weight of total composition, of one or more other inert 
formulation adjuvants such as antWoaming agents, anti-caWng agents, biocides, dyes, anti-corrosion agents, 
acids or bases to adjust pH, and the like, may be Incorporated Into the liquid suspension of microcapsules 
prior to spray drying to obtain the water-dispersible granular formulation of the present invention, especially If 
the liquid suspensions for said formulations are to be stored for any extended period of time prior to spray 
drying, particularly under adverse storage conditions. 

As Indicated above, the water-dispersible granules herein may contain up to 75% or more by weight of the 
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addi^S' 6 * 6 " 1, ^ balanCe bBln9 madB UP * bindere/M Parators/dtepersants/Bnt^ng, etc. formulation 
It will be understood by those skilled in the art that some experimentation may be in order to ascertain which 
ot certain suspension adjuvants or agglomeration adjuvants perform most suitably considering the nature of 
active ingredients and other formulation additives. While, e.g., one emulsifier may tend to enhance caking in 5 
storage or reduce spontaneous reconstitution in water, that emulsifier may enhance color stability of the dried 
granules and, together with other antKaWng agents, serve to provide satisfactory water-dlspersible granules. 

Claims 10 

1 . Water-dispersible granules comprising: 

(a) an aggregation of essentially spherical microcapsules comprising at least one water-insoluble 
pesticide encapsulated within a polymeric shell wall, 1S 

(b) formulation adjuvants, and 

(c) up to about 8Vo by weight moisture, 

said granules being essentially spherical and having diameters within the range of about 150 to 850 
microns. 

2. Granules according to Claim 1 wherein said microcapsules are from about 1 to about 100 microns In 20 
diameter. 

3. A free-flowing composition comprising a collection of granules as defined In Claim 2. 

4. A composition according to Claim 3 wherein 90-95<Vb of said granules are from about 180 to about 
420 microns in diameter. 

5. A composition according to Claim 4 wherein said granules are from about 250 to about 420 microns 25 
in diameter. 

6. A composition according to Claim 4 having a bulk density of from about 32 to about 96 kg/m* 

7. A composition according to Claim 6 wherein the bulk density Is from about 56 to about 72 kg/m 3 

8. A composition according to Claim 7 wherein said granules contain no more than about 4.<Wfo by 
weight of moisture. * ^ 

9. A composition according to Claim 8 wherein said granules contain from about 1 .(Bfo to about 2.0<Vb bv 
weight of moisture. 7 

10. A composition according to Claim 9 wherein said microcapsules are from about 1 to about 50 
. microns in diameter. 

11. Composition according to Claim 3 wherein said granules contain an effective amount of said 35 
pesticide up to 90<Vb by weight 

12. Composition according to Claim 1 1 wherein said pesticide Is a herbicide. 

13. Composition according to Claim 12 wherein said herbicide Is aiachlor. 

14. Composition according to Claim 12 wherein said herbldde Is triallate. 

15. Composition according to Claim 12 wherein said herbicide Is acetochlor. 40 

16. Composition according to Claim 12 wherein said microcapsules contain a safener for said herbicides. 

17. Composition according to Claim 16 wherein said herbicide Is acetochlor and said safener is AD-67. 

18. Composition according to Claim 16 wherein said herbicide Is aiachlor and said safener is flurazole 

19. A process for preparing water-dispersible granules comprising: 

(a) forming an aqueous suspension comprising discrete microcapsules containing at least one 45 
wateNnsoluble pesticide within a polymeric shell wall suspended In an aqueous medium and 
formulation adjuvants, and 

(b) forming droplets of said aqueous suspension and spray drying said droplets to form 
water-dispersible granules as defined in Claim 1. 

20. A process according to Claim 19 wherein said water-Insoluble pesticide is a herbicide. 50 

21 . A process according to Claim 20 wherein said herbicide Is aiachlor. 

22. A process according to Claim 20 wherein said herbicide is triallate. 

23. A process according to Claim 20 wherein said herbicide Is acetochlor. 

24. A process according to Claim 19 wherein said water-dispersible granules are from about 180 to 
about 420 microns in diameter. 55 

25. A process according to Claim 24 wherein said water-dispersible granules are from about 250 to 
about 450 microns In diameter. 

26. A process according to Claim 24 wherein said water-dispersible granules have a bulk density of from 
about 32 to about 96 kg/m 3 . 

27. A process according to Claim 26 wherein the bulk density of said water-dlspersible granules Is from 60 
about 56 to about 72 kg/m 3 . 

28. A process according to Claim 26 wherein said water-dlspersible granules contain no more than about 
4.0Qfo by weight of moisture. 

29. A process according to Claim 28 wherein said water-dispersible granules contain from about 1Mb to 
about 2.0% by weight of moisture. ss 
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30. A process according to Claim 19 wherein said individual, spherical microcapsules are from about 1 to 
about 100 microns in diameter. 

31 . A process according to Claim 30 wherein said individual, spherical microcapsules are from about 1 to 
about 50 microns in diameter. 

5 32. Process according to Claim 20 wherein said microcapsules contain a safener for said herbicide. 

33. Process according to Claim 32 wherein said herbicide is acetochlor and said safener is AD-67. 

34. Process according to Claim 32 wherein said herbicide is alachtor and said safener is flurazole. 
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© Water-dlspersible granules and process for the preparation thereof. 



© The invention is directed to a pesticide composi- 
tion comprising free flowing, essentially spherical, 
water-dlspersible granules wherein said water-dis- 
persible granules are from about 150 to about 850 
microns in diameter; wherein said granules contain 
up to about 8.0% by weight moisture; wherein each 
individual water-dlspersible granule is an aggregation 
of individual spherical microcapsules which contain 
at least one water-insoluble pesticide within a poly- 
meric shell wall; and wherein said water-dispersible 
granule disintegrates upon contact with water to re- 
lease said individual microcapsules. 
^ The invention also relates to dry flowabie 
pesticidal formulations of the above water-dispersible 
granules, together with formulation adjuvants. 
CO The invention is further directed to a process for 
1^ preparing a water-dispersible granule comprising: 
If) (a) forming an aqueous suspension compris* 
ftling discrete microcapsules containing at least one 
QwateNnsoluble pesticide within a polymeric shell 

wall suspended m an aqueous liquid; and 
gj (b) forming droplets of said aqueous suspen- 
sion and spray drying said droplets to form essen- 
tially spherical water-dispersible granules which are 



from about 150 to about 850 microns In diameter 
and which contain up to about 8.0% moisture, 
wherein each water-dispersible granule Is an ag- 
gregation of said microcapsules. 
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